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Theoretical ~ c I  experimental investigations of atmosphere's radioemission 
temperature have becn conducted i n  the decimeter band for angles from O"30' to 
10". Effective engths are found for the absorption coefficient. Measurements 
of refraction attenuation of antenna amplification were also conducted. It was 
found that the latter takes place for aqgles <2.5"  above horizon, and increases 
as the altitude decreases. Thus, for an antenna with half-power level pattern 
near 4 U '  at heights O"30' the amplification drops by 60%. It was shown also 
that at refraction attenuation of the amplification the antenna scattering remains 
the same as for a uniform medium. 

* 
* *  

The influence of the atmosphere on the reception of sources located beyond 
its limits is especially material at small angles ( < S o )  to the horizon, and is 
manifest in such phenomena as refraction, absorption and refraction attenuation. 
At present only radiowave refraction is studied theoretically and experimentally 
with sufficient detail, while experimental data on the attenuation of the intensi- 
ty of signals, having crossed the atmosphere at small angles, is entirely absent. 

The theoretical estimates of absorption also require revision [l, 2 1 ,  inas- 
much as they were based on experimental data, later made substantially more pre- 
cise. 

The present work deals with the results of experimental investigation of 
atmosphere's radioemission temperature, of radiowave absorption and of refraction 
attenuation of antenna amplification, performed at small angles to the horizon, 
using radioastronomical methods over the wavelength A =  30 cm. Inasmuch as the 
absorption coefficients in oxygen and the refraction index in water vapor and 
oxygen do not vary in centimeter and decimeter bands, the results obtained are 
valid for all wavelengths of these bands. 

* ISSLELOVANIYE ATMOSFERY N.4 MUYKH UGLAKH NAD CORIZONTOM RADIOASTRNOMICHES- 
KIM1 METODAM1 . 
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Taking into account the refraction, the radioemission temperature of the 
atmosphere in a given direction is determined quite well by the known expression 

where ~(11) is the absorption coefficient of radiowaves in the atmosphere; T(h) 
is the kinetic temperature; (II is an element of path. In the case of spherical- 
ly stratified atmosphere the latter is [l] 

where n 
Earth t o  the considered element (11; 0 Ts the zenithal angle at which the element 
d l  is visible from the point of observation. 

is the index of refraction, r is the radius from the center of the 

If we represent the absorption coefficient in the form x ( h )  = xge-h/Jr, 
we have 

00 

= ( e - l l ~ ~ ~ ~ / /  
0 ( 3 )  

which will have the sense of effective wave in uniform atmosphere, which the ray 
has to cross in such a 
nonuniform atmosphere. 
radioemiss ion 

The effective lengths, 
the values of absolute 
the ground from 260 to 
correspond to waves of 

fashion that the damping be the same as for an infinite ' 
Then, we shall have for the temperature of atmosphere's 

computed in kilometers with the aid of a computer for 
moisture 0 ,  10 and 20  g/cm3 arid temperature interval on 
300"K, are compiled in Table 1. 
the decimeter and centimeter bands, when the absorption 

These effective lengths 

takes place only in the molecular oxygen and has a nonresonance character: The 
value of the effective height for this case was determined experimentally and 
found to be H = 4 h; the value of the absorption coefficient at sea level is 
K O =  0.0145 db/h [3]. 

For waves of the microwave band, corresponding to resonance absorption in 
molecular oxygen lines, H = 5 km, and the effective lengths are compiled in 
Table 2. 

The mean values of the altitude distribution of kinetic temperature as a 
function of total absorption in the visual ray and the given direction, which 
enter in ( 4 ) ,  are computed in [4] and are plotted in Figure 1, where the upper 
curve corresponds to nonresonance absorption, and the lower one - to resonance 
absorption. For the decimeter band, of interest to us, we may obtain the 
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the  ana ly t i ca l  e-Tression f o r  T(h) : 

\;here it is assumed t h a t  t he  mean gradient  of t e i i i p c r a t t i ~ ~  &xi-ease with a l t i t u d c  
is  6.  S 0 K / h .  The radioemission temperature of the  atriiosptiere is ca l cu la t ed  f o r  
the condi t ions,  a t  which measurements were conducted: - .?!lO°K rind eo = 10 g/m 
and p lo t ted  i n  F i g . 2 .  I t  i s  in t e re s t ing  t o  note  t h a t ,  tliougli i n  ,lc~iriieter wave 
band the absorption coe f f i c i en t  does not depend on ai)soliite iiwistiire, t h e  atmo- 
sphere’s  radioemission temperature depends on it through the el‘t‘oct i v e  pa th  
length.  

During experimental inves t iga t ions  of thermal radi oeinission of the  atmosphe 
re the  v e r t i c a l  d i s t r i b u t i o n  of temperatures, received i n  the  s o l i d  angle of t h e  
main ray of the  diagram, i s  measured with the  a i d  of a radiotelescope.  A t  g r e a t  
a1 t i t u d e s ,  where the  atmosphere r e f r ac t ion  can be neglected,  the antenna r a d i a -  
t i o n  p a t t e r n  coincides with the  pa t t e rn  i n  a uniform medium l : ~ .  

Yleasuring the  atmosphere’s radioemission w i t h  ;i iicirrwL p;itterii i n  such a 
way t h a t  va r i a t ions  of ‘Ta wi thin the l i m i t s  of  t he  XI i n  i - i i ) ’  PI.IL’ iqlcc-tecl ,  
we s h a l l  have €or antenna temperature the expression 

A t  small angles t o  the  horizon the  antenna p a t t e r n  I: is formed under the 
influence of d i f f e r e n t i a l  r e f r ac t ion ,  which l eads ,  as i s  we1 1 hilowii, t o  el-frac- 
t i o n  at tenuat ion of antenna amplif icat ion.  In  t h i s  case w e  . ,ha1 1 represent t he  
temperature of the  antenna i n  the  form 

s 179dQ F,dC! I ( P‘d9 ( l:*llQ s I?d<l 

\ I.’d!! \ I;od52 c F(dQ 1 \ I:(!(.? 5 i:,d!Z 

0 . - 1  ,I  k n  

f ’  

I .  

I 
- - rn  I . I  .in 

T1 ?- * - = T,L(fl) IL.L(f)) = Tu(@) q = y a \  ‘0) -___ ‘1 x -  

1. .I 
I 1  -1’1 47 I f  

[where Q,, re fers  t o  the  main r a y ] .  Inasmuch as the  quant i ty  ,! \ F ~ I Q  is t h e  
antenna anp l i f i ca t ion ,  the  r a t i o  4n 

- -  < - s I.’dB / j I~‘0dQ 

charac te r izes  the r e f r a c t i o n  at tenuat ion of the ampl i f ica t ion ,  and the  r a t i o  

Zr:, = s I#>(lG 1 { FUdQ 
c) 
-“rn J!, .1 - the  r e f r ac t ion  a t tenuat ion  along the  main ray .  
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measuring tlic r;iclioernissiori of the  atmosphere, i t  is tiiost prac t l a l  
t o  c a l i b r a t e  the recc ived iiiteiisity by radioemission of the  hil l  concealing 
the  main lobe of the rad ia t ion  pa t te rn .  
t axes  of the order of  several  l12/A from the  h i l l .  
mogeneity of the atmosphere may be neglected (on account of Ea r th ' s  sphe r i c i ty )  
along the  ray,  and, cimsequently, i n  t he  d i r ec t ion  of the  h i l l  t he  antenna r a d i a -  
t i o n  pa t te rn  may bc considered 3 s  fonned i n  a uniform medium. I f  radioemissioil 
of the  hill has the  c h ~ i r a c t e r  of emission of an absolutely black body a t  tempe- 
r a t u r e  T, , the antenna teinperature a t  recept ion o €  h i l l ' s  radioemission w i l l  be 

c-1 1 

IJsually the  antenna is disposed a t  d k -  
A t  such d i s t ances ,  the inho- 

c I ',,til? 

r / - ' , , f / ! ?  

(7) I l r  = 7', 71. 

( 1  

From the relatioris [ b )  and (7 )  we s h a l l  f i n d  the  br ightness  tempcrature of 
the  titmospiierc I I I  the d i r e c t  ion 3 :  

The e r r o r s  i n  t!ic clett~rrliinat ion of Ta(@) a t  sucha c a l i b r a t i o n  method cons- 
t i  t u t e  210%. 
during the  n ight ,  in <lL><ir werither, a t  angles from 0 t o  10" above horizon, with 
wavelength 
by h a l f  -power 1 L ~ L  e l .  

The a t w s d i e r c ' s  redioemission was experimentally inves t iga ted  

= 30 cm i i ; i L i  \ \ I  t h  an antenna having a 42' w i c l t h  nf  r d i a t i n r ?  ng++ern  I' - - .- " A 

In order  t o  J i ~ i n i s h  the influence of t he  Earth a t  low angles ,  the  d i s t r i -  
but ions were takcii iiown i l l  t!ie d i r ec t ion  of horizon lowering. 
by numerous d is t r i ' I i , f  ions, is plot ted by dots  i n  Fig.2 and it c o n s t i t u t e s  a value 

'The curve,  averaged 

$1 .l 

5 
L ( U )  -. 

I t  may be seen f t - w  I i g .2  t ha t  the  coriiputed poin ts  coincide with the curve 
obtained and, consequen: !!, a l x ~  w i  tli the  r a t i o  i,.,,/i, which may also be represen- 
ted i n  the  form 

Inasmach as the  quant i ty  

j I:"(IQ ,! \ I ; ' ,~Q = I - p 
IX 

I .I 13 

charac te r izes  the f r ac t ion  of' power en ter ing  i n t o  hhe main ray of r ad ia t ion  pat-  
t e r n ,  
l o  (1 -- 6) 
antcnna s c a E e r i n q  does not rise. 

i t  follows from the  equal i ty  t o  un i ty  of the  r a t i o  1 - B i n  uniform medium 
rt, a t  r e f r ac t ion  at tenuat ion along the  main ray,  t h a t  t he  lateral  
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The coincidence of the  computed and the expe- 
rimental curves f o r  atmosphere l s radioemission 
temperature allows us t o  der ive  t h e  conclusion 
t h a t  the  e f f e c t i v e  lengths L.,,:,, computed and com- 
p i l ed  i n  Table 1, :ire c o r r e c t ,  which is i n  i ts  
turn  an addi t ional  corroboration o f  t he  v a l i d i -  
t y  of the value of  the coe f f i c i en t  of absorption 
and i t s  e f f ec t ive  he ight ,  determined i n  [ 3 ] .  

The experimental determination of t11C value 
of re f rac t ion  a t tenuat ion  of antenna amplif ica-  
t i o n  ma); be obtnirie3 during measurements of 
f luxes of Ciscr-ete po in t  sources a t  low and high 
a l t i t u d e s .  I f  the anterlru rad ia t ion  p a t t e r n  i s  
normalized Cor the unit) ,  , the antenna tempera- 
t u r e  durilic: i ~ c e l ) t i o n  of- a point  source a t  the  
a1 t i tude ( 1  i 5 

n i 2 3 4 degrees 

F ig .  3 

whey.. SI, . t!ic’ f-lus K m i i  the d i s c r e t e  source i n  the  wavelength A .  From t h e  
a n t  l tcyx1ratui-c r;it ios , measured when accompanying the  source from i ts  rise 
t o  qi-eiit a 1 t i t i i c l c . s  ii, , \c s h a l l  find the  value of ampl i f ica t ion’s  r e f r a c t i o n  
‘ l t t c ~ n l l a t  1 0 1 1  : 

\die1-e tlie raciiat ion a t tenuat ion  011 account of absorpt ion i n  the  atmosphere e-xora@(@) 
is easily cornputed i . . i t i  the  a i d  of Tables 1 and 2 .  
the behaviour of e-r(fi) is i l l u s t r a t e d  by the  lower curve i n  F ig .3 .  

For a l t i t u d e s  from 5 t o  0’30’ 

The r e f r ac t ion  a t tenuat ion  of antenna ampl i f ica t ion  was experimentally 
i i ivcstigated i n  the wavelength A = 30 cm a t  r i s i n g  and s e t t i n g  of the  d i s c r e t e  
source Cygnus-A. The antenna temperatures f o r  t h i s  source,  r e f e r r e d  t o  antenna 
teiiiperature f o r  the  5’ he ight ,  a re  p lo t t ed  i n  Fig.4.  The curve obtained charac- 
t e r i z e s  the t o t a l  r ad ia t ion  a t tenuat ion  during t r a n s i t  through the  atmosphere. 
Eliininating from it w i t h  the aid of (11) the  r a d i a t i o n  a t t enua t ion  on account of 
absorpt ion i n  the  atmosphere, we sha l l  obtain the  dependence of t he  magnitude 
of antenna ampl i f ica t ion’s  r e f r ac t ion  a t tenuat ion  on the  a l t i t u d e  above horizon 
represented by the  upper curve i n  Fig.3.  
r e f r a c t i o n  a t tenuat ion  takes place a t  angles 12.5’ above horizon and rises near ly  
l i n e a r l y  as the  a l t i t u d e  decreases;  
a l ready by 60%.  The accountinq for  t h i s  circumstance is of p a r t i c u l a r  importance 
when estimating the f luxes from d i sc re t e  sources v i s i b l e  a t  low a l t i t u d e s .  

A s  may be seen from the  diagram, the  

thus ,  f o r  e = 0’;’30’ t he  ampl i f ica t ion  drops 



& 

I 

. .  & 

.. 

Fig .  4 

Iflie;i receiirin(y extende:! discrete sources, the refraction attenuation 
is antenna amplification’s refraction decreases !.y, the qiiaiitity G, where 

attenuation i n  t?ie so l id  ;~n.;lc nf the d i s c r e t e  swrce,  iac! .a:sz, idieii i i s  ari- 
gular diiiiensio!is become 01: the order of’ the width o f  antenna radiation pat- 
ten1 a t  tile level of 3 f-ex percent in power ; then f/;,.:I =I, :is this took 
place when rem iv ing  the atmosphere ’ s radioemission. 
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